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Adverse immunologic effects
of antithyroid drugs
Simon S. Wing, MD
I. George Fantus, MD, FRCPC

Propylthiouracil and methimazole are frequent'
ly used in the management of hyperthyroidism.
Two patients in whom advene immunologic
effects other than isolated agranulocytosis de-
veloped during treatment with propylthiouracil
are described. A review of the literature re-
vealed 53 similar cases over a 35-year period.
Rash, fever, arthralgias and granulocytopenia
were the most common manifestations. Vasculi-
tis, particularly with cutaneous manifestations,
occurs and may be fatal. The clinical evidence
suggests that an immunologic mechanism is
involved. A number of different autoantibodies
were reported, but antinuclear antibodies were
infrequent, and none of the cases met the crit-
eria for a diagnosis of systemic lupus ery-
thematosus. Thus, the reactions do not represent
a true drug-induced lupus syndrome. Current
hypotheses and experimental data regarding the
cause of the reactions are reviewed. No specific
clinical subgroup at high risk can be identified,
and manifestations may occur at any dosage and
at any time during therapy. Cross-reactivity
between the two antithyroid drugs can be ex-
pected. Except for minor symptoms (e.g., mild
arthralgias or transient rash), such reactions are
an indication for withdrawal of the drug and the
use of alternative methods to control the hyper-
thyroidism. In rare cases of severe vasculitis a
short course of high-dose glucocorticoid therapy
may be helpfuL

On utilise souvent le propylthiouracile et le
me'thimazole dans le traitement de 1'hyperthy-
roidie. Presentation de deux malades ayant accu-
se lors d'un traitement au propylthiouracile des
effets iminunologiques autres qu'une agranulo-
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cytose isole'e. Une recherche bibliographique
decele 53 cas comparables repartis sur 35 ana.
Les symptdmes les plus frequents sont les Erup-
tions, la fievre, 1'arthralgie et la granulocyto-
penie. La vasculite survient surtout en presence
d'une eruption; elle est parfois mortelle. Le tout
fait penser a un trouble immunologique. En
depit de la demonstration de divers auto-anti-
corps, on trouve rarement des anticorps antinu-
cleaires; aucun de ces cas ne satisfait les criteres
du diagnostic d'un lupus e'rythe'mateux dissemi-
ne. Aussi ne saurait-on parier ici d'un syndrome
lupoide medicamenteux. Les auteurs passent en
revue les hypotheses actuelles et les donnees
experimentales pertinentes a la cause de ces
reactions. On ne peut definir, parmi les hyper-
thyroidiens, un sous-groupe predispose aux ef-
fets decrits ici; ceux-ci peuvent survenir quelle
que soit la posologie et a tout moment du
traitement. On doit s'attendre a une reactivite
croisee a 1'e'gard des deux medicaments susdits.
Hormis les symptomes legers (telles une petite
arthralgie ou une eruption fugace), les pheno-
menes decrits ci-dessus indiquent 1'arret du
medicament et le recours a un autre mode de
traitement de rhyperthyroidie. Rarement, en
presence d'une vasculite grave, on se trouyera
bien d'une courte corticotherapie a fortes doses.

PI ropyithiouracil and methimazole are thio-
ureyle'ne derivatives commonly used in the
management of hyperthyroidism. especially

that due to Graves' disease.1 These drugs are used
for control of the hyperthyroid state until sponta-
neous remission 'occurs or the effects of radioiodine
therapy take place or in the preparation of the
patient for thyroidectomy. Since hyperthyroidism
is a common endocrine problem and no alternative
drug therapy is available, these drugs will continue
to be used frequently by physicians caring lor
these patients.

Recently we observed adverse immunologic
effects in two patients receiving propylthiouracil. A
search of the literature for such cases revealed that
similar adverse effects have been reported inter-
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mittently during the 35 years that these dnuthyrcia
drugs have been available. In this paper we brief" v
descnbe our patients and review the nature and
frequency of the various adverse effects reported as
well as current hypotheses as to their cause. Since
isolated agranulocytosis is a well-known adverse
effect of rhioureylene drug therapy and has previ-
ously been reviewed.1 we emphasize other adverse
immunologk effects that are not as well known.

Illustrative cases

Case 1

A 47-year-old woman was treated for Graves'
disease in 1963 wHh prupylthiouracil and radioto-
dine. She was well until June 1983. when she
presented with recurrent symptoms. Her thyroid
hormone levels confirmed the diagnosis of recur-
rent hyperthyroidism, and a thyroid scan showed
diffusely increased uptake of tracer radioactive
iodine. Radioiodine was administered and therapy
with propylthiouracil restarted.

Four weeks later the patient returned with a
3-week history of intermittent fever, chills, nausea,
vomiting, anorexia and tremulousness. She had a
temperature of 40°C. no palpable thyroid tissue,
mild splenomegaly and a purpuric rash over her
buttocks and lower extremihes. The serum triiodo-
thyronine level and free thyroxine index were 0.3
(normally 1.5 to 3.4) hmol/L and 17 (normally 51
to 167) respectively. Amithyroglobulin and antimi-
crosoma! antibodies were present. There was mild
anemia but no rtticukjcytosis or spherocytosis. The
direct antiglofaulin test gave positive results for
both IgG and C3. The leukocyte count was 0.7
(normally 4.0 to 11.0) x lO9/!., with only 0.4 x
IQ'/L neutrophils. The platelet count was 122
(normally 140 to 440) X 10*/L. The partial throm-
boplastin time was elevated, at 63 (control value
32) seconds, and the prothrombin time sligh.:-
elevated, at 13.1 (control value 11.2) seconds.
Serum levels of electrolytes, measured urea, creau-
nine, aspartate aminotransferase, alanine amino-
transferase, lactate dehydrogenase, alkaline phos-
phatase and bilirubtn were normal. An assay for
antinuclear antibodies gave negative results. Serum
protein eiectrophoresis showed slight hypergam-
magiobuiinemia (-y-globulin level 19 [normally 9 to
18] g/L), with elevation of the IgG fraction. The
C4 level was 0.1 (normally 0.2 to 0.5) g/L.
Urmalysis gave normal results, A skin biopsy
specimen showed minute perivascular lymphocytic
infiltrates in the upper dermis, with intact vessel
walls.

Propylthiouracil therapy was stopped, and
hydrqcortisone, 250 mg given intravenously even*
6 hours, administered. The symptoms dissipated
over a few days, and the hematologic abnormali-
ties, rash and splenomegaly resolved over the next
2 weeks. Corticosteroid therapy was rapidly ta-
pered off, and the patient has remained well and
become euthytoid without furthti Jierapy.
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A 31-year-old woman was first seen at our
institution in December 1981. Graves' disease had
previously been diagnosed on the basts of a dit'fuse
goitre and abnormal thyroid indices, Propylthi-
ouracii had been prescribed, but the patient had
stopped taking it. At the time of referral she was
still mildly symptomatic and had an ele%-ated
serum tniodothyronine level (4,3 nmol/L). Thera-
py with propylthiouracil, 100 mg taken orally three
times daily, was restarted, with subsequent-im-
provement.

The patient was well until October 1982,
when arthralgias of the elbows, knees and ankles
developed, along with an erythematous maculopa-
pular rash on her forehead. Propylthiouracil thera-
py was s.wf ped. The rash resolved promptly, and
the arthralgias resolved over the next month. The
patient has remained euthyroid and well.

Nature and frequency of adverse effects

Our two cases demonstrate different hyper-
sensitivity reactions to propylthiouracil. In patient
1 the prominent manifestations were fever, leuko-
.penia. purpuric rash and splenomegaly, whereas
patient I had migratory arthraigias and an erythe-
matous rash. A review of the literature revealed
that over a 35-year period 53 cases of adverse
immunologic effects associated with antithyroid
drugs were reported. The reactions occurred at any
age. As expected, given that hyperthyroidism is
predominant in females, more females man males
were affected. Toxic effects occurred at any dosage,
at the first or repeated exposure to the drug and at
any duration of therapy, from days3 to several
years.4-*

The four most frequently reported manifesta-
'tions were rash, fever, joint symptoms and granu-
vlocytopenia (Table I). Rash, seen in 50% of cases,
was generally purpuric or, less frequently, ulcer-
ative. Skin biopsy, when performed, often revealed
vascuiitis.5-7-12 Fever, reported in almost 50% of
cases, was rarely associated with infection despite
the often associated leukopenia, which indicates
that it is a manifestation of hypersensitivity. Joint
symptoms occurred in 40% and most often consist- _•
ed of symmetric involvement of distal joints; half
of these patients had evidence of synovitis.

Granuiocytopenia, a well-recognized adverse
effect of thioureylene therapy with an incidence
rate in exposed patients of about 4%,: occurred in
45% of these cases. However, since in some cases
it was the only symptom, it may not be a manifes-
tation of hype'rse'nsitivity but. rather, a direct toxic
effect.1 The fact that antithyroid drugs are actively
concentrated by granuiocytes is also compatible
with this hypo'thesis.24 Agranulocytosis (granulo-
cyte count less than 0.25 X 109/L) occurs in only
0.3% of treated patients.2 This is an idiosyncratic
reaction of rapid and unpredictable onset, distinct
from the m;r-? "rcrnrr-cr1 asymptomatic eranulocy-



topenia. In some cases anxineutrophil antibodies
have been identified.!-<-r-:' Furthermore, in some
oatients with agranulocytosis, lymphocyte trans-
formation was induced by exposure of the lympho-
cytes in culture to autologous serum with antithy-
roid drugs.20 A search for such antibodies in
patients with benign granulocytopenia has not
been carried out. and therefore it is not possible to
state with certainty that benign granulocytopenia is
secondary to direct drug toxicity. Aplastic anemia
has been associated with methimazole therapy,3011

and in one report an inhibitor to colony-forming
units in culture was found in the patient's serum.31

Other reported laboratory abnormalities in-
clude anemia, thrombocytopenia and polydonal
hvpergammaglobulinemia. Many cases of anemia
were not fully investigated. In our patient 1 anemia
was associated with a positive result of a direct
ahtigiobulin test Although there was no specific
evidence of hemolysis in our patient, this manifes-
tation has been described.14 In one case of throm-
bocytopenia the patient was found to have plate-
let-associated IgG and many megakaryocytes in
the bone marrow, findings indicative of immune-
destructive thrombocytopenia.13 The hypergamma-
globulihemia found in our patient 1 and reported
by others may reflect production of nonspecific,
drug-stimulated poiycional antibodies. Interesting-
ly, there have been cases of development of
autoantibodies to marrow precursor cells,31 insu-
lin;::-J or glucagor/4 during methimazole therapy.

Circulating immune complexes were demonstrated
in a few cases,'16 but their significance is uncertain,
as such complexes have been described in un-
treated thyroid disease.33 3*

Vasculitic involvement of organs other than
the skin was uncommon. However, a fatal case of
periarteritis" and cases of nephritis,5-9 ir myositis'
and cavitary pulmonary infiltrates6 have been re-
ported.

: Hepatitis has also been observed as a compli-
cation of antithyroid drug therapy.1*-11-3*-43 In some
cases it was the only finding and therefore, as in
cases of granulocytopenia, may be a direct toxic
effect of the .drug or its metabolites. However, in
two cases hepatitis developed in conjunction with
other systemic manifestations.1*-1* In one of these11

and in a case of isolated hepatitis,42 lymphocyte
sensitization to propylthiouracil was demonstrated,
which suggests an Lmmunologic mechanism.

Hypoprothrombinemia, which occurred in our
patient 1, has been reported in the absence of other
evidence of liver dysfunction.7-"0-44 4S There have
been no reports of circulating anticoagulants. The
cause of the possible factor deficiency is unknown.

In several cases there was only one manifesta-
tion, which, given the clinical or laboratory evi-

.dence, was probably immunologically mediated.
.These included aplastic anemia,31 antibodies to
insulin,3"3 antibodies to glucagon,34 periarteritis,37

polyarthritis,24 leukopenia27'29 and hepatitis.42

Most of the toxic effects ascribed to antithv-
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raid drugs are felt on clinical grounds :o be
tmmunologicaiiy mediated; in some cases there
was also supportive laboratory evidence of abnor-
mal humoral or cellular immunologtc acrvny.
Many of the reactions to propyithiouracil were
considered to be a lupus-like syndrome. However.
there must be adequate criteria for a true diagnosis
of drug-induced systemic lupus erytherrutosus
(SLE).4" Although antinudear antibodies were
present in a few cases (10 of 53), none of the cases,
had adequate criteria for the diagnosis of SLE.4"
Also, the incidence of antinuclear antibodies in a
propylthiouracii-treated patient population was re-
ported to be no greater than that in a control
population.4* In contrast to these findings are the
SLE-like syndromes associated with hydralazine
hydrochioride and procainamide, in which ar.tmu-
clear antibodies are present in all patients and in a
large number of asymptomatic patients exposed to
the drug.49 Thus, it is more appropriate to refer to
.the side effects of antithyroid drugs as immunolog-
ically mediated than as lupus-like syndromes.

The reactions were characterized by symptoms
and signs that varied widely in severity, ranging
from • rash and arthralgia (frequently seer.i to
agra'nulocytosis and fatal vasculitis (rare). Poten-
tially life-threatening manifestations were not
heralded by prodromes 'of milder symptoms and
are therefore not predictable. Therapy with the
drug was stopped in most cases when the toxic
effects appeared. Rechallenge was not described: it
occurred inadvertently in one case and resulted in
death.3" However, in several cases milder reactions
(e.g., rash and joint symptoms) resolved despite
continued administration of the drug.l?

Cross-reactivity between antithyroid drugs

Several patients reacted to both propylthi-
ouracii and methimazole when given a trial of
each.rio-";4-so A recent study showed that in some
patients with propylthiouracil-induced agranulocy-
tosis, peripheral blood lymphocytes underwent
transformation in the presence of methimazole or
carbimazoie.29 As well, serum from some of these
patients induced neutrophil agglutination in the
presence of thionamide drugs other than propylthi-
ouraciL The observations of both clinical and
in-vitro cross-reactivity among these drugs
strengthen the hypothesis that the adverse effects
are immunologically mediated.

Cause of adverse effects

The mechanism of stimulation of antibody
production and of cellular immunity remains un-
clear. The stimulation of immune responses to
various unrelated autoantigens by antiihyroid
drugs is in contrast to the suggested immunosup-
pressive activities of these drugs.5t-5J Propylthi-
ouracii has been shown in vitro to suppress lectin-
induced incorporation of tritiated thymidine into

:n<e OS A of rer,r".erai rieou ivrr.rr.ccvtes ' in
v.vo. carb'.rpjzclt? r.af re-?" asice,a;ec wun -*?-
creased levels or an::~;c:v?cmat antibodies and o»
antibodies to :he recep-.or tor thyroid-stimulating
.hormone/1 The suppressor activity of peripheral
blood lymphocytes in patients with Graves' dis-
ease, which is diminished, has been shown to
revert toward normal dunn£ antithyroid drug ther-
apy.5"' However, similar findings have been report-
ed in patient; treated w;:h radioiodir.e.'* which
suggests that the hyperthyroid state itself may be
responsible for the immunologic abnormalities.5*

The aberrant immune responses described in
this review may be related to the underlying
abnormal immunologic function of patients with
Graves' disease. However, there was an insuffi-
cient number of cases and insufficient detail to
determine whether the risk of drug hypersensitm-
ty differed in hyperthyroidism due to causes other
than Graves' disease. The mechanism by which
the drugs stimulate the response may involve the
thiol group of the drugs, .which permits covalent
bonding to cellular macromolecules. Such a com-
plex with thyroglobulin has been demonstrated.5*
The drug may therefore serve as a hapten and
induce antibody. production. Such a mechanism
may give rise to single autoarttibodies (to insulin,
gtucacor*.. neutropruls or rr.arrou precursor cei'.f.
Ho%vever, when multiple autoantigens are targeted
in a given patient, drug modification of multiple
macromolecules or of proteins involved in regula-
tion of the immune response would- have to be
postulated.

Alternatively, metabolites of propylthiouracil
may compete with thymidine triphosphate as a
substrate and therefore inhibit synthesis of DNA.5!

If the metabolite is incorporated into DNA, abnor-
malities of regulation of immune function may
occur that ultimately result in the expression of
adverse effects.51

It is not clear why certain people are suscepti-
ble to these adverse effects. Similarly, the manifes-
tation of toxicity in different organ systems indi-
cates heterogeneity of response. Genetic deficien-
cies of drug-metabolizing enzymes have been
demonstrated fay Spielberg57 in patients with ad-
verse reactions to acetaminophen and anticonvul-
sant drugs. It is not known whether such deficien-
cies are involved in adverse effects of antithyroid
drugs. Further investigation of the metabolism of
antithyroid drugs51 and of the associated immuno-
logic abnormalities should provide insight into this
problem.

Guidelines for management

Despite uncertainty as to the pathogenesis cf
the adverse effects, review of the literature does
provide guidelines to the clinician for the manage-
ment -of these patients. First, the reactions are
unpredictable and occur at any age, dose and
duration of therapy. Cooper and colleagues5* stud-
ied a cerise of patients with antithyroid drug-
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induced agranulocytosis and suggested that older
patients and those receiving high doses of me-
thimazole are at greatest risk. However, when
other reactions are considered, such trends are not
apparent. Therefore, awareness of the entity is
necessary for its early recognition. Routine moni-
toring of laboratory values is not helpful. Patients
should be instructed to immediately report the
.classic presenting symptoms: fever, sore throat,
rash and arthralgias. Since rash or arthralgias
without other systemic manifestations may resolve
spontaneously, continued therapy with close ob-
servation is possible in such cases. However, if
these symptoms persist or if more serious manifes-
tations occur, therapy should be stopped immedi-
ately. Withdrawal of the drug is usually adequate
to reverse the toxic effects.

The benefit of corticosteroid therapy is uncer-
tain, but this treatment is recommended in cases of
life-threatening or poorly resolving toxic effects.
We suggest high-dose therapy (1 mg/kg of predni-
sone or an equivalent drug) for the former situation
and more moderate dosages (0.3 mg/kg) for the
latter. These drugs should be rapidly tapered off
once the toxic effects have resolved. In the pres-
ence of agranulocytosis and fever without an
evident infectious source, broad-spectrum antibiot-
ic therapy would be appropriate until the granulo-
cyte count reaches 1.0 xlOyL

Because of cross-reactivity, therapy with an-
other thionamide drug is not advisable, 'and alter-
native forms of management of the hyrerthyroid-
ism should be instituted.

We thank Dr. Jack Wall, for helpful discussion and
review of the manuscript, and Dr. 'A'ilfred Leith. for
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